9 


DAVID  W.  TAYLOR  NAVAL  SHIP 
RESEARCH  AND  DEVELOPMENT  CENTER 


Bethesda,  Md.  20084 


SEAKEEPING  CHARACTERISTICS  OF  A 
PRELIMINARY  DESIGN  FOR  A SEA 
LOITER  AIRCRAFT 


GiSrf  - ■■ 

Ituia..  rii- 


|rt>  W • 


Alvin  Gersten 
Jose'  Bonilla-Norat 
Lawrence  Murray 


oj: 


APPROVED  FOR  PUBLIC  RELEASE:  DISTRIBUTION  UNLIMITED 


FEBRUARY  1977 


SPD-748-02 


MAJOR  DTNSRDC  ORGANIZATIONAL  COMPONENTS 


OTNSRDC 
COMMANDER 

00 

TECHNICAL  OIRECTOR 
01 


1 


i.  **  ’ 


SECURITY  CLASSIFICATION  of  This  PAPE  (Whan  Data  Knlarad) 

REPORT  DOCUMENTATION  PAGE | beforeVompleting  korm 

1 /KCPOK1  NUMBER  |j  OOVT  ACCESSION  NO  I 1 BECIPlENT'S  CATALOG  NuiBt  • 


'^BEPOBT  NUMBER  2 GOVT  ACCES 

( ; SPD-748-02 ^ 

4 TITLE  fm>d  Sublllla) 

SEAKEEPING  CHARACTERISTICS  OF  A PRELIMINARY 
DESIGN  FOR  A SEA  LOITER  AIRCRAFT  ^ / 


s type  of  report  a period  covered 


s performing  org  report  number 


|7.  AuTHORfij 


• CONTRACT  OR  GRANT  NUMBER^*; 


Alvin  Gersten  f 

Jose*'  Boni lla-Norat  \ * r ! 

Lawrence/ Murray  


§ PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

David  W.  Taylor  Naval  Ship  R&D  Center 
Ship  Performance  Department  ^ 

Bethesda,  Maryland  20084 


tl  CONTROLLING  OFFICE  NAME  ANO  ADDRESS  12  REPORT  DATE 

Advanced  Naval  Vehicles  Concepts  Evaluation  February  1977  * 

Program  ""  number  or  pagEs 

; , I / 1 00  wnx-j — 

Ti  MONITORING  AGENCY  NAME  A ADDRESS  (II  dlllarant  from  Controlling Oltt  ca)  ' . J i^'SEC  U Rl  T Y CLASS  fol  * hta  rapaHp 


i UNCLASSIFIED .. 

f 15*  OF.CL  ASSIFICATK 
I SCHEDULE 


ON  DOWNGRADING 


16  distribution  statement  (oi  this  Raport) 


APPROVED  FOR  PUBLIC  RELEASE:  DISTRIBUTION  UNLIMITED 


17  DISTRIBUTION  STATEMENT  (ol  tha  abstract  antarad  In  Block  20,  II  dlffarant  Irom  Raport) 


18  supplementary  notes 


19  KEY  WORDS  fConllnua  on  ravaraa  alda  II  nacaaaary  and  idantlfy  by  block  numbar) 

Sea  Planes;  Sea  Plane  Seaworthiness;  Sea  Plane  Habitability 


20  ABSTRACT  fConllnua  on  ravaraa  alda  II  nacaaaary  and  Idantlly  by  block  numbar) 

A model  of  a proposed  sea  loiter  aircraft  has  undergone  experiments  in  the 
hullborne  mode  at  various  headings  to  regular  and  random  waves.  The  principal 
goal  of  the  investigation  was  to  provide  data  for  evaluating  the  habitability 
characteristics  of  this  concept.  The  results  will  also  be  used  to  validate 
computer  predictions.  Transfer  functions  are  presented  in  this  report,  as  are 
plots  and  tables  of  standard  deviation  values  and  significant  values  of  vehiclf 
response  in  a seaway.  The  effect  on  motions  of  varying  model  weight,  and  the 


DD  , 1473  EDITION  OF  1 NOV  65  IS  OBSOLETE 

S/N  O 102*014*  6601 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  rW**n  Data  Rnlarad) 


*■*  J’fa 


-UMCLASSIf IEO 

‘VI  T Y CL  ASSIFIC  A T ION  OF  TnlS  PAGE'Hhun  Data  Entatad ) 

I “ 

effectiveness  of  damping  plates  in  reducing  motions  are  discussed.  In 
general,  neither  of  these  Is  found  to  significantly  alter  the  unusual  transfer 
functions  obtained  for  this  craft.  The  motions  of  a buoy,  whose  configuration 
was  selected  to  provide  wave  surface  following  characteristics,  and  which  was 
also  subjected  to  waves  in  the  towing  tank,  are  discussed  in  an  appendix. 


TABLE  OF  CONTENTS 


Page 

ABSTRACT  1 

ADMINISTRATIVE  INFORMATION  I 

INTRODUCTION  2 

DESCRIPTION  OF  MODEL  AND  TEST  EQUIPMENT  4 

MODEL  4 

TEST  EQUIPMENT  5 

DATA  REDUCTION  AND  ANALYSIS  8 

TEST  PROGRAM  AND  PROCEDURE  9 

PRESENTATION  AND  DISCUSSION  OF  EXPERIMENTAL  RESULTS  11 

TRANSFER  FUNCTIONS  FROM  REGULAR  WAVE  EXPERIMENTS  11 

REGULAR  WAVE  RESPONSES  AS  A FUNCTION  OF  SPEED  17 

RANDOM  WAVE  RESPONSES  19 

Sample  Computer  Printouts  19 

Standard  Deviation  of  Motions,  Accelerations  and  Rates  20 

Significant  Double  Amplitudes  of  Motions,  Accelerations  and  Rates  22 
RESPONSES  IN  COMBINED  SEA  AND  SWELL  24 

DRAG  IN  WAVES  25 

CONCLUSIONS  26 

ACKNOWLEDGMENTS  28 

APPENDIX-  Wave  Surface  Following  Characteristics  of  Buoy  Model  29 

REFERENCES  31 


ill 


LIST  OF  FIGURES 


Page 

Figure  1 - Drawing  of  Sea  Loiter  Aircraft  Model  32 

Figure  2 - Setup  for  Phase  I Towing  Tank  Experiments  33 

Figure  3 - Setup  for  Phase  2 Towing  Tank  Experiments  34 

Figure  4 - Flow  Chart  for  Computer  Analysis  35 

Figure  5 - Samples  of  Wave  Spectra  Obtained  from  Measurements  Made 

During  Experiments  36 

Figure  6 - Sample  Computer  Printout  from  Real-Time  Analysis  of 

Regular  Wave  Run  39 

Figure  7 - Transfer  Functions  for  Seaplane  model  Obtained  in 

Head  regular  Waves  During  Phase  1 41 

Figure  3 - Transfer  Functions  for  Seaplane  Model  Obtained  in  Beam 

Regular  Waves  During  Phase  1 44 

Figure  9 - Transfer  Functions  for  Seaplane  Model  Obtained  in  Head 

Regular  Waves  During  Phase  2 47 

Figure  10  - Comparison  of  Phase  1 and  Phase  2 Head  Sea  Transfer 

Functions  50 

Figure  11  - Transfer  Functions  for  Seaplane  Model  Obtained  in  Bow 

Regular  Waves  During  Phase  2 52 

Figure  12  - Responses  in  Regular  Waves  Versus  Speed  from  Phase  1 56 

Figure  13  - Sample  Computer  Printout  from  Real-Time  Analysis  of 

Random  Wave  Run  61 

Figure  14  - Sample  of  Complete  Random  Wave  Run  Analysis  on  the 

CDC  6700  Computer  62 

Figure  15  - Standard  Deviation  Values  of  Model  Responses  as  a Function 

of  Speed  in  Head  Sea  States  2 and  3 from  Phase  1 85 

Figure  16  - Standard  Deviation  Values  of  Model  Response  as  a Function 

of  Speed  in  Following  Sea  States  2 and  3 from  Phase  1 86 

Figure  17  - Standard  Deviation  Values  of  Model  Response  at  Zero 

Speed  as  a Function  of  Heading  in  Sea  States  1 and  2 
from  Phase  2 87 

Figure  18  - Standard  Deviation  Values  of  Model  Response  at  Zero 

Speed  as  a Function  of  Heading  in  Sea  States  3 and  4 
from  Phase  2 89 

iv 


LIST  OF  FIGURES  (CONT'D) 


Figure  19  - Significant  Double  Amplitudes  of  Model  Response  as  a 

Function  of  Speed  in  Head  Sea  States  2 and  3 from  Phase  1 

Figure  20  - Significant  Double  Amplitudes  of  Model  Response  as  a 

Function  of  Speed  in  Following  Sea  States  2 and  3 from 

Phase  1 

Figure  21  - Significant  Double  Amplitudes  of  Model  Response  at  Zero 
Speed  as  a Function  of  Heading  in  Sea  States  1 and 
2 from  Phase  2 

Figure  22  - Significant  Double  Amplitudes  of  Model  Response  at  Zero 
Speed  as  a Function  of  Heading  in  Sea  States  3 and  4 
from  Phase  2 

Figure  23  - Drag  of  the  Seaplane  Model  in  a Seaway  from  Phase  1 

Figure  A1  - Sketch  of  Buoy  Model 

Figure  A2  - Transfer  Functions  for  Buoy  Model  Obtained  in  Regular 
Waves 


1 

i 


Page 

91 

92 

93 

95 

97 

98 

99 


LIST  OF  TABLES 

Page 


Table  1 - Principal  Characteristics  of  Sea  Loiter  Aircraft  Model  101 

Table  2 - Type  and  Range  of  Transducers  Used  for  Seaplane 

Experiments  102 

Table  3 - Instrumentation  and  Computer  Notes  103 

Table  4 - Summary  of  Standard  Deviation  Values  of  Model  Response  

for  Various  Speeds  From  Phase  1 104 

Table  5 - Summary  of  Standard  Deviation  Values  of  Model  Response 

at  Zero  Speed  and  180  Degree  Heading  from  Phase  2 106 

Table  6 - Summary  of  Standard  Deviation  Values  of  Model  Response 

at  Zero  Speed  and  150  Degree  Heading  from  Phase  2 107 

Table  7 - Summary  of  Standard  Deviation  Values  of  Model  Response 

at  Zero  Speed  and  120  Degree  Heading  from  Phase  2 108 

Table  8 - Summary  of  Standard  Deviation  Values  of  Model  Response 

at  Zero  Speed  and  90  Degree  Heading  from  Phase  2 109 

Table  9 - Summary  of  Standard  Deviation  Values  of  Model  Response 

at  Zero  Speed  and  60  Degree  Heading  from  Phase  2 110 

Table  10  - Summary  of  Standard  Deviation  Values  of  Model  Response 

at  Zero  Speed  and  30  Degree  Heading  from  Phase  2 111 

Table  11  - Summary  of  Standard  Deviation  Values  of  Model  Response 

at  Zero  Speed  and  0 Degree  Heading  from  Phase  2 112 

Table  12  - Summary  of  Significant  Double  Amplitudes  of  Model 

Response  for  Various  Speeds  from  Phase  1 113 

Table  13  - Summary  of  Significant  Double  Amplitudes  of  Model 
Response  at  Zero  Speed  and  180  Degree  Heading  from 
Phase  2 115 

Table  14  - Summary  of  Significant  Double  Amplitudes  of  Model 
Response  at  Zero  Speed  and  150  Degree  Heading  from 
Phase  2 116 

Table  15  - Summary  of  Significant  Double  Amplitudes  of  Model 
Response  at  Zero  Speed  and  120  Degree  Heading  from 
Phase  2 117 

Table  16  - Summary  of  Significant  Double  Amplitudes  of  Model 
Response  at  Zero  Speed  and  90  Degree  Heading  from 
Phase  2 118 


i 


LIST  OF  TABLES  (Cont'd) 


r 


Page 


Table  17  - Summary  of  Significant  Double  Amplitudes  of  Model  Response 

at  Zero  Speed  and  60  Degree  Heading  from  Phase  2 119 

Table  18  - Summary  of  Significant  Double  Amplitudes  of  Model  Response 

at  Zero  Speed  and  30  Degree  Heading  from  Phase  2 120 

Table  19  - Summary  of  Significant  Double  Amplitudes  of  Model  Response 

at  Zero  Speed  and  0 Degree  Heading  from  Phase  2 121 

Table  20  - Summary  of  Significant  Double  Amplitudes  of  Model  Response 

at  Zero  Speed  in  Confused  Seas  122 

Table  A1  - Principal  Characteristics  of  Buoy  Model  124 

Table  A2  - Summary  of  Standard  Deviation  Values  for  Buoy  in  Various 

Sea  States  125 


4 

\ vii 


J 


ABSTRACT 


A model  of  a proposed  sea  loiter  aircraft  has  undergone  experiments 
in  the  hullborne  mode  at  various  headings  to  regular  and  random  waves. 

The  principal  goal  of  the  investigation  was  to  provide  data  for  evaluating 
the  habitability  characteristics  of  this  concept.  The  results  will  also 
be  used  to  validate  computer  predictions.  Transfer  functions  are  presented 
in  this  report,  as  are  plots  and  tables  of  standard  deviation  values  and 
significant  values  of  vehicle  response  in  a seaway.  The  effect  on  motions 
of  varying  model  weight,  and  the  effectiveness  of  damping  plates  in  reducing 
motions  are  discussed.  In  general,  neither  of  these  is  found  to  significantly 
alter  the  unusal  transfer  functions  obtained  for  this  craft.  The  motions 
of  a buoy,  whose  configuration  was  selected  to  provide  wave  surface  following 
characteristics,  and  which  was  also  subjected  to  waves  in  the  towing  tank, 
are  discussed  in  an  appendix. 

ADMINISTRATIVE  INFORMATION 

The  investigation  discussed  herein  was  funded  by  the  Advanced  Naval 
Vehicles  Concepts  Evaluation  Program,  Task  Area  S0407000,  Element  63564N. 
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INTRODUCTION 


One  of  the  nine  generic  vehicle  concepts  being  evaluated  under  the 
Advanced  Naval  Vehicles  Concept  Evaluation  (ANVCE)  Project  Is  a sea 
loiter  aircraft.  This  vehicle  should  be  capable  of  maintaining  station 
for  extended  periods  of  time  while  hullborne  at  zero  or  low  speed.  It 
must  then  transit  to  other  sites  at  300  to  400  kts.  This  capability  would 
make  it  well  suited  for  rapid  deployment  during  an  anti-submarine  warfare 
operation. 

The  ANVCE  program  was  set  up  within  the  Chief  of  Naval  Operations  Office 

and  assigned  the  task  of  expanding  the  data  base  for  the  selected  advanced 
1 * 

vehicle  concepts  . The  program  must  also  examine  the  military  worth,  technical 
feasibility  and  cost  of  these  concepts.  After  carrying  out  state-of-the-art 
assessments,  analyses  and  model  experiments  are  being  conducted  to  fill  in 
the  technological  gaps.  One  goal  is  a hull  design  for  the  sea  loiter  air- 
craft that  has  acceptable  take-off  resistance,  adequate  stability,  reasonable 
landing  impact  loads,  and--most  pertinent  for  this  investigation--is  habitable 
when  loitering  on  the  sea.  It  is  anticipated  that  the  limiting  condition 
to  operation  in  rough  seas  will  be  based  on  the  tolerance  of  the  crew  to  the 
pounding  and  high  acceleration  levels.  The  estimated  minimum  capability 
required  is  Sea  State  4 operation,  so  that  the  seaplane  can  perform  its 
mission  roughly  50  percent  of  the  time  throughout  the  year. 

At  present  it  is  not  known  whether  the  aircraft  will  be  relatively  small 
or  as  large  as  a C-5A.  Retractable  vertical  floats  could  be  incorporated 


♦References  are  listed  on  page  31. 
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to  raise  the  craft  out  of  the  water,  thereby  reducing  the  hull  volume 
on  which  waves  could  act,  and  consequently  reducing  vehicle  motions. 

Although  the  size  and  hull  form  of  the  seaplane  have  not  been 
finalized,  one  preliminary  configuration  was  selected  by  the  sea  loiter 
aircraft  "Advocate  Office"  for  use  in  seakeeping  experiments.  It  was 
requested  that  both  random  and  regular  wave  responses  be  investigated  on 
this  design.  Regular  wave  experiments  are  useful  for  deriving  transfer 
functions  that  can  be  used  to  validate  computer  predictions.  This  avoids 
the  possibility  of  poor  correlation  due  to  differences  in  statistical 
samples.  Random  wave  experiments  permit  direct  determination  of  responses 
in  a given  sea  state. 

The  first  phase  of  experiments  was  conducted  at  the  David  W.  Taylor 
Javal  Ship  Research  and  Development  Center  (DTNSRDC)  in  September  1976  to 
determine  the  effect  of  displacement,  speed  (low  values)  and  heading  (head, 
following  and  beam  seas)  on  motions  and  accelerations.*  The  second  phase 
was  carried  out  in  November  1976  to  look  at  the  effectiveness  of  damping 
plates  in  reducing  motions--particularly  roll.  During  this  phase  a 
large  number  of  headings  was  examined.  The  results  of  these  two  groups 
of  experiments  are  presented  in  this  report. 


♦During  this  phase  a ring-shaped  buoy  was  also  tested  to  evaluate  its 
surface  following  characteristics  (see  Appendix). 
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DESCRIPTION  OF  MODEL  AND  TEST  EQUIPMENT 

MODEL 

The  seaplane  hull  had  circular  sections,  no  step,  and  was  rather 
stubby  (length/beam  = 5).  The  wings  on  the  model  were  net  aerodynamical ly 
shaped  since  they  were  needed  only  to  support  floats  and/or  damping 
plates,  and  for  obtaining  a proper  mass  d1stribution--not  for  providing 
lift.  They  were  made  with  a rectangular  cross-section  to  reduce  cost. 

A T-tail  with  a rectangular  cross-section  was  also  provided  along  with  a cockpit 
fairing  up  forward.  Figure  1 shows  these  features.  The  wing  tip  floats 
also  had  circular  sections;  they  were  rounded  at  the  front,  and  tapered  to 
a point  at  the  aft  end.  Their  length  was  36  in.  (91.4  cm)  and  maximum 
diameter  7.2  in.  (18.3  cm). 

The  hull  was  fabricated  mainly  from  fiberglass  but  it  had  wood  frames. 

The  wings  and  empennage  were  also  made  from  wood.  Removable  hatches  were 
provided  near  the  bow  and  stern  for  installing  ballast  weights.  A hull 
opening  and  interior  platform  located  at  the  longitudinal  center  of  gravity 
were  used  for  attaching  the  tow  gear  used  during  Phase  I (see  Figure  1) 
and  for  installing  transducers.  The  opening  was  centered  46.8  in.  (118.9  cm) 
aft  of  the  bow. 

Damping  plates  were  mounted  on  the  model  during  most  of  the  Phase  II 
experiments.  Two  sizes  of  these  aluminum  plates  were  eval uated--one  matched 
set  of  two  at  a time:  the  small  ones  were  4 in.  (10.2  cm)  square  and  1/8 

in.  (0.32  cm)  thick;  and  the  large  ones  were  6 in.  (15.2  cm)  square  and  1/8  in. 
(0.32  cm)  thick.  Figure  1 shows  one  damping  plate  installed.  They  were 
mounted  19.5  in.  (49.3  cm)  below  the  bottom  of  the  wing,  3 in.  (7.6  cm)  aft 
of  the  wing  leading  edge,  and  50  in.  (127.0  cm)  from  the  hull  centerline. 
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Table  1 lists  some  particulars  for  the  model.  Two  displacements 


[330.0  lb  (149.7  kg)  and  264.0  lb  (119.8  kg)]  were  examined  during 
Phase  I.  The  same  moments  of  inertia  were  established  for  pitch  and  roll, 
and  kept  constant  for  both  displacements.  One  displacement  [327.0  lb 
(148.3  kg)]  was  investigated  in  Phase  II;  this  was  very  close  to  the  heavy 
displacement  of  Phase  I.  Moments  of  inertia  were  much  different  in  Phase  II 
than  they  were  in  Phase  I:  as  shown  in  Table  1,  the  pitch  value  was 

increased  and  the  roll  value  decreased. 

The  natural  periods  listed  in  Table  1 were  derived  from  free  oscillation 
experiments.  The  pitch  period  was  slightly  longer  in  Phase  II*  than  in 
Phase  I because  of  the  increase  in  pitch  moment  of  inertia;  conversely,  the 
roll  period  decreased  mainly  because  of  the  decrease  in  roll  moment  of 
inertia.  The  heave  period  did  not  change  significantly. 

TEST  EQUIPMENT 

During  Phase  I the  towing  gear  was  mounted  on  the  end  of  the  carriage. 
Figure  2 shows  the  general  arrangement  of  the  model  and  towing  gear:  the 
model  was  free  in  pitch,  heave  and  roll,  and  completely  restrained  in  yaw, 
sway  and  surge.  Heave  was  limited  to  ± 3.5  in.  (±  21.6  cm)  because  the 
heave  staff  would  "bottom  out"  if  this  range  was  exceeded.  The  model  scale 
ratio  was  so  small  that  equivalent  Sea  State  4 waves  generated  in  the  tank 
were  quite  large,  resulting  in  an  occasional  heave  motion  to  the  limit  of 
the  heave  staff. 


♦These  were  measured  without  damping  plates  installed. 
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High  resolution  potentiometers  were  used  for  measuring  pitch,  heave 
and  roll  motions  (see  Table  2).  Angular  rates  and  linear  accelerations 
were  also  measured.  Drag  was  measured  with  a "block  gage"  which  is  a 
cube-shaped  module  containing  flexures  and  a differential  reluctance 
sensing  element.  The  gage  was  installed  in  the  heave  staff  directly  above 
the  gimbal.  An  ultrasonic  transducer  was  used  for  the  measurement  of  wave 
height.  The  wave  probe  was  located  as  follows: 

• For  head  and  beam  sea  headings:  8.1  ft  (2.5  m)  forward  of  the  model's 
C3  and  3.3  ft  (1.0  m)  to  starboard  of  its  centerline 

• For  following  sea  headings:  0.5  ft  (0.2  m)  aft  of  the  model's 

C3  and  3.0  ft  (2.4  m)  to  starboard  of  its  centerline. 

Model  speed  was  measured  by  means  of  a wheel  on  the  carriage  which  rode 
on  a rail  and  drove  a tachometer  generator. 

The  experiments  were  conducted  in  the  Maneuvering  and  Seakeeping  Basin 
(MASK)  at  JTNSRDC.  This  towing  basin  is  360  ft  (109.7  m)  long,  240  ft 
(73.2  m)  wide  and  20  ft  (6.1  m)  deep.  Pneumatic-type  wavemakers  on 
adjacent  sides  of  the  tank  can  be  electronical ly  controlled  to  generate 
long-crested  regular  waves,  long-crested  random  waves  having  a preprogrammed 
spectral  shape,  and  programmed  short-crested  waves  or  mixed  sea  and  swell. 
Wave  absorbers  are  installed  along  walls  opposite  the  wavemakers,  and  these 
appreciably  reduce  the  energy  in  reflected  waves.  The  length  of  the  basin 
is  spanned  by  a bridge  with  tracks  attached  to  its  underside,  along  which 
the  controlled  model  towing  carriage  runs.  The  bridge  is  supported  on  a 
rail  system  that  permits  it  to  rotate  through  angles  up  to  45  degrees  from 
the  longitudinal  centerline  of  the  basin.  By  using  combinations  of  change 
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in  model  heading  relative  to  the  carriage,  bridge  rotation,  and  choice  of 
wavemaker  bank--and  considering  model  symmetry--al 1 angles  between  the 
direction  of  seaplane  travel  and  wave  propagation  can  be  investigated. 

Because  the  heave  staff  bottomed  out  occasionally  during  Phase  I, 
and  only  zero  speed  was  required  for  Phase  II,  the  latter  experiments 
were  conducted  in  the  MASK  with  the  model  not  attached  to  a towing  gear. 

A photograph  of  the  test  setup  is  shown  in  Figure  3.  Light  lines  were  attached 
to  the  model  and  kept  slack,  except  occasionally  to  bring  the  model  back  to 
its  proper  orientation  relative  to  the  waves. 

Motions  were  measured  bv  means  o^  ultrasonic  transrturpr^  anH 
gyros  (see  Table  2).  Angular  rates  and  accelerations  were  also  measured 
as  in  Phase  I.  For  possible  use  in  structural  design,  wing  tip  acceleration 
was  added.  Figure  1 shows  the  transducer  locations  for  Phase  II. 

The  transducer  signals  were  amplified  and  recorded  on  digital  magnetic 
tape,  with  control  provided  by  a digital  computer  system  which  included, 
among  other  things,  an  Analogic  analogue-to-digital  converter.  Recordings 
were  also  made  in  analogue  form  on  paper  strip  chart  and  analogue  magnetic 
tape. 

The  Interdata  Model  70  computer  with  64  KB  memory  provided  real-time 
digitization  of  all  signals  and  immediate  (post-run)  data  processing  of 
wave  inputs  and  vehicle  responses.  Peripheral  equipment  consisted  of  a 
nine-track  Kennedy  3110  digital  tape  drive,  an  ASR-33  teletype,  a Versatec 
1100A  Matrix  600  1 ine-per-minute  printer,  and  a Tridata  1024  cartridge  tape 
recorder.  While  sampling,  data  summations  used  at  the  end  of  each  run  to 
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calculate  mean  and  standard  deviation  for  each  channel  were  retained  In 
memory.  In  addition,  all  data  were  calibrated  in  volts  and  written  on  the 
digital  tape  (see  flow  chart  in  Figure  4). 


Video  tape  recordings  were  made  of  all  runs,  and  16  mm  color  movies 
were  taken  of  selected  runs. 

DATA  REDUCTION  AND  ANALYSIS 

For  regular  wave  runs,  the  mean  ("d.c.  level"),  standard  deviation 
and  root  0Q  (/~2  times  standard  deviation)  were  calculated  after  each  run 
for  all  channels.  In  addition,  harmonic  analysis  was  carried  out  on  the 
carriage  after  completing  each  regular  wave  run.  This  included  determination 
of  frequency  of  wave  encounter,  wave  characteristics  (maximum  slope,  length, 
celerity,  etc.),  and  single  amplitude  and  phase  of  model  responses  for  the 
fundamental  and  first  and  second  harmonics.  The  amplitudes  and  phases  were 
obtained  by  means  of  a Fourier  analysis;  the  Fourier  amplitudes  were  then 
used  to  calculate  transfer  functions. 

During  Phase  I the  random  wave  on-carriage  analysis  also  produced  the 
mean,  standard  deviation  and  root  Qq.  In  Phase  II  the  significant  double 
amplitude  was  substituted  for  root  Qq.  A zero-crossing  routine  was  used 
to  determine  the  number  of  cycles  of  wave  encounter. 

After  the  experiments  were  completed,  spectral  analysis  and  time-domain 
analysis  were  carried  out  for  all  random  wave  runs,  or  groupings  of  runs 
for  the  same  condition  which  were  treated  as  one  long  sample.  The  DTNSRDC 
Control  Data  Corporation  6709  computer  and  Stromberg  Carlson  4060  (SC  4060) 
plotter  were  used  for  these  analyses.  Spectra  and  histograms  were  generated 
by  the  DTNSRDC  "Power  Spectra,  Histograms,  and  Fourier  Transforms"  (PSHAFT) 
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program  In  conjunction  with  the  "General  Printing  and  Plotting"  (GPP) 
program.  In  addition  to  plotting  spectra  and  histograms  .response 
amplitude  operators  (RAO's)  and  non-dimensional  transfer  functions 
were  plotted  by  the  SC4060. 

Resolution  for  the  spectral  analyses  was  selected  so  that  at  least 

40  degrees-of-freedom  (DOF)  would  result.  DOF  is  defined  by 

n.Ar  2*number  of  data  points  , A c 

D0F numb'er  of  Tags + °-5 

The  calculation  of  auto-correlation  function  in  PSHAFT  allows  for  a 

maximum  of  60  lags  (these  are  analagous  to  frequencies  in  the  FFT  procedure). 

TEST  PROGRAM  AND  PROCEDURE 

As  noted  in  Table  1,  two  model  displacements  were  investigated  during 
Phase  1.  Experiments  were  first  run  in  low  regular  waves  to  obtain 
transfer  functions  for  the  head  and  beam  sea  conditions  at  zero  speed.  Some 
runs  were  then  made  in  higher  regular  waves  in  which  the  frequency  of  wave 
encounter  was  equal  to  the  value  required  for  maximum  pitch  and  heave 
response.  For  these  experiments,  model  speeds  of  0,  0.39  and  1.79  kts  and 
headings  of  head,  beam  and  following  seas  were  investigated. 

Subsequent  random  wave  experiments  were  conducted  in  Sea  States  2 and  3 
for  head  and  following  seas  and  Sea  States  1 and  2 for  beam  seas.  A reduction 
in  sea  state  was  necessary  in  beam  seas  because  the  model  was  in  danger  of 
swamping  in  more  severe  waves.  Model  speeds  examined  were  again  0,  0.39  and 
1.79  kts.  In  addition,  confused  sea  runs  were  made  at  zero  speed  with  a random 
Sea  State  2 being  encountered  from  ahead  and  regular  waves  (swell)  being 
encountered  from  abeam. 


During  Phase  II,  one  model  displacement  was  examined  and  experiments  were 
conducted  with  and  without  damping  plates  installed.  Transfer  functions  were 
derived  for  the  head  and  bow  sea  conditions  by  performing  runs  In  regular  waves 
at  zero  speed.  Either  no  damping  plates  or  the  large  damping  plates  were  emoloyed. 

■lost  of  the  random  wave  experiments  were  carried  out  at  zero  speed  in 
Sea  States  1,  2,  3,  and  4.  Headings  ranged  from  head  to  following  seas  in 
30  deg  increments.  Sea  State  4 was  not  generated  for  99  deg  (beam),  60  deg 
and  120  deg  headings  because  these  conditions  appeared  to  be  too  severe 
for  the  model  to  survive.  Generally,  both  sizes  of  damping  plates  were 
evaluated  and  runs  were  also  made  without  damping  plates.  Experiments  were 
also  performed  in  mixed  sea  and  swell;  just  as  in  Phase  I,  the  seaway  approached 
the  model  from  ahead  and  the  swell  from  abeam.  Sea  States  2,  3,  or  4 were 
generated,  and  a swell  length  yielding  severe  roll  response  or  moderate 
roll  response  [30.0  ft  (9.1  m)  and  12.6  ft  (3.3  m),  respectively]*  were 
encountered  simultaneously.  The  model  had  either  no  damping  plates  or 
one  of  the  two  available  sets  of  damping  plates  installed. 

Sanples  of  spectra  representing  the  energy  distribution  of  waves  in 
the  towing  tank  are  given  in  Figures  5a  through  5c.  A typical  value  of 
significant  wave  height  is  given  on  each  figure;  however,  this  statistic 
was  somewhat  different  for  each  run  in  a particular  sea  state.  For  most 
random  wave  conditions  sufficient  run  time  was  allowed  to  have  the  model 
encounter  about  200  waves;  this  size  sample  should  provide  a good  representation 
of  the  population.  In  regular  waves,  only  one  pass  for  a minimum  of  ten 


♦Based  on  the  roll  transfer  function. 


10 


cycles  of  wave  encounter  was  obtained  for  each  condition  since  the  model 
response  is  essentially  repetitive  from  one  cycle  to  the  next. 

A summary  of  comments  relative  to  changes  in  instrumentation  setup, 
transducers,  etc.  is  contained  in  Table  3. 

PRESENTATION  AND  DISCUSSION  OF  EXPERIMENTAL  RESULTS 
TRANSFER  FUNCTIONS  FROM  REGULAR  WAVE  EXPERIMENTS 

Transfer  functions  were  derived  from  data  obtained  during  regular  wave 
runs.  A sample  computer  printout  obtained  from  real-time  computer  analysis 
is  shown  in  Figure  6a.  Some  of  the  items  listed  in  the  heading  are: 

FE,  uE  = frequency  of  wave  encounter 
FO,  u)0  = wave  frequency 

TE  = period  of  wave  encounter 

TO  = wave  period 

LAMBDA  = wave  length 

CELERITY  = speed  of  wave  propagation. 

Mean,  standard  deviation  and  root  Qq  values  for  motions,  rates  and 
accelerations  are  tabulated.  A harmonic  analysis,  showing  the  fundamental, 
and  first  and  second  harmonics  is  contained  in  Figure  6b.  Mondimensional 
transfer  function  (TRN  FUN)  values  listed  in  Figure  6b  were  calculated  from 
values  of  the  fundamental,  and  are  defined  in  the  following  way  using  single 
amplitudes  of  response: 

a.  angular  displacement  measurement:  angle/e 

b.  linear  displacement  measurement:  displacement/r 

c.  linear  acceleration  measurement  (in  G's):  acceleration  • gA’  r 

I 

i 
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d.  angular  rate  measurement  (In  deg/sec):  rate  x x/360wer 

where:  0 = maximum  wave  slope 

r = wave  amplitude 

u>  = measured  frequency  of  wave  encounter 
x = wave  length 

2 

g = acceleration  due  to  gravity  (32.2  ft/sec  ) 

Transfer  functions  were  also  calculated  by  using  the  root  Qq  values. 
Nondimensional i zation  of  pitch  and  heave  was  done  in  the  same  way  as 
described  above  for  Figure  6b;  however,  linear  accelerations  and  angular 
rates  were  nondimensional i zed  in  a slightly  different  way: 

a.  linear  acceleration  measurement  (in  G's):  acceleration  x L/2 r 

b.  angular  rate  measurement  (in  deg/sec):  rate  x L/C^e2r 
where:  C-|  = 57.3  deg/rad 

L = model  length  = 3.0  ft 
Single  amplitudes  of  responses  were  again  used. 

Figure  7 contains  plots  of  the  transfer  functions  obtained  from  Phase  I 
root  30  values.  They  pertain  to  the  head  sea  condition  with  the  seaplane 
model  hove-to.  Both  displacements  investigated  are  represented.  The  pitch 
curves  in  Figure  7a  appear  to  reach  a peak  at  a frequency  of  about  3.0  rad/sec. 
This  is  very  different  from  the  natural  frequency  of  6.7  rad/sec  obtained  from 
free  oscillation  tests  in  water  (see  Table  1).  In  fact,  at  the  natural 
frequency  the  transfer  function  indicates  that  pitch  response  would  be  quite 
small.  This  phenomenon  occurs  for  several  modes  of  motion,  and  could  be 
due  in  part  to  the  wings  contacting  the  water  during  wave  experinents  while 


they  do  not  during  calm  water  oscillation  tests.  The  curves  for  the  heavy 
and  light  displacements  are  similar  in  a gross  sense;  however,  the  light 
displacement  curve  does  exhibit  a small  dip  at  4 rad/sec  which  is  not 
present  in  the  other  curve.  This  undulation  is  also  present  in  several  other 
transfer  functions,  as  will  be  seen  later.  The  pitch  curves  are  somewhat 
like  those  for  a harmonic  oscillator  since  a break  frequency  exists  beyond 
which  the  normalized  response  is  highly  attenuated.  However,  the  magnification 
factor  does  not  approach  unity  at  low  frequencies  for  the  heavy  displacement. 

The  heave  transfer  functions  also  tend  to  reach  a peak--al though  not  a 
pronounced  one--at  approximately  3.0  rad/sec  (see  Figure  7b).  The  magnification 
is  less  than  that  for  pitch  and  the  response  is  similar  to  that  for  an  over- 
damped system.  However,  in  this  case  the  curves  tend  to  increase  again  as 
frequency  is  reduced  below  2.0  to  3.0  rad/sec.  Although  the  free  oscillation 
tests  indicate  the  heave  natural  frequency  is  roughly  6.0  rad/sec,  there  is 
very  little  heave  response  at  that  frequency. 

Figures  7c  and  7d  give  the  cabin  acceleration  and  heave  acceleration 
transfer  functions,  respectively.  Both  of  these  exhibit  a higher  peak  for 
the  light  displacement.  In  addition,  cabin  acceleration  levels  are  significantly 
higher  than  those  at  the  CG.  A portion  of  the  heavy  displacement  curve  in 
Figure  7c  is  drawn  dotted  because  there  is  a paucity  of  data  points  to  define 
the  curve,  and  subsequent,  more  complete  Phase  II  results  indicate  that  the  peak 
shown  at  5.0  rad/sec  is  actually  a low  point  surrounded  by  peaks  on  either  side. 

The  pitch  rate  transfer  function  is  presented  in  Figure  7e.  The  low 
point  in  the  curve  for  light  displacement  at  4.0  rad/sec  matches  that  present 
in  the  pitch  motion  plot  (see  Figure  7a).  However,  for  rate  the 


r 


high  frequency  peak  is  predominant  rather  than  the  low  frequency  peak 
which  is  larger  formotion. 
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Beam  sea  transfer  functions  from  Phase  I are  contained  in  Figure  8. 

The  roll  response  in  Figure  8a  is  like  that  of  an  underdamped  spring-mass- 
dashpot  system  except  possibly  at  low  frequencies  where  the  curves  should 
approach  1.0.  Just  as  for  the  other  Phase  I transfer  functions,  the  spacing 
of  data  points  is  such  that  fluctuations  could  exist  in  the  curves  between 
points.  The  response  peaks  at  an  average  of  2.9  rad/sec  for  the  two  displace- 
ments which  is  far  removed  from  the  natural  frequency  of  roughly  5.3  rad/sec 
obtained  by  free  oscillation.  Larger  peak  rolling  motions  occur  at  a 
slightly  lower  frequency  for  the  lighter  displacement. 

The  normalized  heave  response  for  beam  seas  is  unusual  and  much  different 
from  its  head  sea  counterpart.  A peak  occurs  in  both  cases  at  approximately 
3.0  rad/sec,  but  whereas  in  head  seas  the  response  drops  off  with  increase  in 
frequency,  in  beam  seas  heave  ultimately  increases  with  either  an  increase  or 
decrease  in  frequency. 

In  beam  seas,  cabin  and  heave  accelerations  increase  monotonical 1 y from 
low  to  high  frequency  (see  Figures  3c  and  8d).  The  effect  of  displacement 
on  acceleration  is  small. 

The  roll  rate  transfer  function  is  the  last  one  plotted  from  Phase  I 
results;  it  is  presented  in  Figure  8e.  Data  points  for  both  displacements 
indicate  that  a minimum  occurs  at  a frequency  of  3.7  rad/sec  and  then  peaks 
occur  with  either  a small  increase  or  decrease  of  frequency.  Further 
increase  or  decrease  in  frequency  causes  a dropoff  in  nondimensional ized 
roll  rate. 
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Transfer  functions  derived  from  Phase  II  head  regular  wave  experiments 


are  presented  in  Figure  9.  These  are  based  on  root  Qq  values,  and  are  non- 
dimensional  i zed  in  the  same  way  as  the  Phase  I results.  Because  a closer 
spacing  of  points  (more  wave  lengths)  was  obtained  than  for  Phase  I,  it  is 
possible  to  pick  up  some  unusual  fluctuations  in  the  seaplane  response. 

These  may  be  due  to  the  fact  that  the  wing  tip  floats  and  particularly  the 
wings  themselves  were  immersed  in  the  water  for  certain  wave  lengths  but  not 
for  others  with  higher  or  lower  frequency.  Just  as  in  Phase  I,  the  natural 
frequencies  obtained  from  free  oscillation  tests  are  far  removed  from  their 
respective  frequencies  for  maximum  motion.  Whereas  during  Phase  I model 
displacement  was  varied,  in  Phase  II  the  principal  model  configuration 
variable  was  the  use  of  either  no  damping  plates  or  one  of  two  pairs  of 
damping  plates  (see  section  on  model  description).  The  transfer  function 
plots  compare  only  the  large  damping  plate  and  no  damping  plate  configurations 
because  the  plates  generally  had  no  significant  effect  on  the  vehicle's 
response. 

The  head  sea  pitch  transfer  function  in  Figure  9a  exhibits  a sudden 
decrease  to  a minimum  of  0.64  at  a frequency  of  4.2  rad/sec;  this  lies 
between  two  maxima  of  about  1.26  on  the  ordinate  scale.  There  is  also  a 
rapid  increase  in  response  at  the  lowest  frequency  investigated,  namely 
2.0  rad/sec.  For  an  underdamped  system  the  response  would  go  to  1.0  at 
low  frequency.  Although  the  transfer  function  is  not  like  those  obtained 
for  most  simple  floating  bodies,  the  repeatability  of  points  for  the  two 
conditions  shown  lends  credence  to  this  faired  curve  as  well  as  others 
to  follow. 
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Heave  response  is  given  in  Figure  9b.  Two  peaks  are  in  evidence  with 
the  larger  one  occurring  at  3.5  rad/sec.  At  the  low  frequency  end,  the  curve 
rises  to  a third,  higher  maximum  grea' vr  than  1.0. 

The  Phase  II  head  sea  cabin  acceleration  transfer  function  (Figure  9c) 
looks  different  from  the  corresponding  Phase  I curve  shown  in  Figure  7c. 

This  could  be  due,  in  large  measure,  to  the  few  data  points  in  the  Phase  I 
plot  for  frequencies  above  4.0  rad/sec.  For  example,  the  point  shown  as 
a maximum  at  me  = 5.0  rad/sec  for  the  heavy  displacement  in  Figure  7c  could 
actually  be  a minimum  point  between  two  maxima  as  shown  at  that  same  frequency 
in  Figure  9c.  The  unusual  nature  of  these  responses  indicates  that  a very 
close  spacing  of  data  points  is  needed  to  accurately  define  the  transfer 
functions. 


Heave  acceleration--al though  much  less  severe  than  cabin  acceleration, 
also  has  a minimum  nested  between  two  peaks;  this  null  point  occurs  at  a 
slightly  lower  frequency  than  the  one  for  cabin  acceleration,  namely  4.2 
rad/sec.  As  can  be  seen  in  Figure  9e,  the  pitch  rate  transfer  function  has 
several  maxima  and  minima,  with  the  largest  peak  occurring  at  4.7  rad/sec. 

In  Figure  10  we  find  comparisons  of  Phase  I (heavy  displacement)  and 
Phase  II  (no  damping  plates)  transfer  functions.  The  model  weight  is 
almost  the  same  for  the  two  cases  shown.  For  the  most  part,  although  the 
curves  are  similar  at  their  high  and  low  frequency  extremes,  the 
Phase  II  plots  fluctuate  more  at  intermediate  frequencies.  Much  of  this 
fluctuation  was  not  picked  up  during  Phase  I because,  due  to  carriage  time 
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In  Figure  10c  (taken  in  part  from  Figure  7c)  it  is  clear  that  what 
appears  to  be  the  peak  of  the  Phase  I response  curve  is  actually  a 
minimum  between  higher  and  lower  frequency  peaks. 

Nondimensionalized  response  plots  for  bow  seas  (30  deq  off  head 

seas)  were  also  prepared,  and  these  are  shown  in  Figure  11.  The  pitch 

and  heave  responses  (Figures  11a  and  lib,  respectively)  have  the  same 

basic  characteristics  as  the  head  sea  curves  from  Phase  II,  but  there 

are  differences  in  detail.  For  example,  the  bow  sea  pitch  transfer 

function  does  not  have  a minimum  at  u = 4.2  rad/sec  as  there  is  in  the 

e 

head  sea  plot.  Cabin  acceleration  and  heave  acceleration  per  unit  wave 
amplitude  (Figures  lid  and  lie)  are  dissimilar  in  that  the  latter  has 
two  distinct  peaks  whereas  the  former  does  not;  however,  the  major  peaks 
do  fall  at  about  the  same  frequency.  Pitch  rate  and  roll  rate  responses 
(Figures  Ilf  and  llg)  reflect  the  pitch  and  roll  responses,  with 
the  lower  roll  displacement  curve  yielding  a lower  roll  rate,  and  conversely  for 
pitch.  At  low  frequencies  the  nondimensionalized  rates  go  to  zero  whereas  the 
displacements  appear  to  approach  1.0. 

REGULAR  WAVE  RESPONSES  AS  A FUNCTION  OF  SPEED 

Regular  wave  responses  in  dimensional  form  are  presented  as  a function 
of  model  speed  (range  0 to  1.3  kts)  in  Figure  12.  Wave  height,  heading  and 
displacement  are  parameters  in  these  plots,  and  frequency  is  essentially  held 
constant--being  approximately  3.2  rad/sec  in  head  and  following  waves  and 
either  3.2  rad/sec  or  2.6  rad/sec  in  beam  waves,  depending  on  the  wave  length 
generated . 
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Figures  12a  and  12b  show  that  in  head  seas  there  is  a tendency  for 
pitch  to  decrease  with  a small  increase  in  forward  speed.  The  effect 
of  displacement  and  heading  on  pitch  is  generally  small  and  not  consistent. 
Heave  decreases  with  speed  in  following  seas  (see  Figures  12c  and  1 2d ) , but 
in  head  seas  there  is  no  significant  change  with  speed.  Heave  is  also  greater 
in  head  waves  than  it  is  in  following  waves. 

In  Figures  12e  and  12f  for  cabin  acceleration  there  is  generally 
no  significant  speed  effect.  However,  there  is  some  indication  of  a 
decrease  in  acceleration  with  speed  for  the  heavy  displacement  in  the 
higher  following  waves.  The  cabin  accelerations  are  almost  always  less 
severe  in  following  seas  than  in  head  seas. 

CG  acceleration  (Figures  12g  and  1 2 h ) generally  increase  a small 
amount  with  speed  in  head  seas.  It  decreases  slightly  with  speed  in 
following  seas,  except  for  the  higher  following  waves  in  which  case  the 
decrease  is  substantial.  The  change  in  displacement  does  not  appreciably 
alter  CG  accelerations  for  most  conditions;  however,  for  the  higher 
waves  in  head  seas  the  accelerations  are  significantly  greater  for  the 
heavy  displacement.  Here  again,  CG  accelerations  are  usually  lower  in 
following  waves  than  head  waves--partially  because  of  the  lower  frequencies 
of  wave  encounter. 

Figures  1 2 i and  12j  show  pitch  rate  decreasing  slightly  with  increasing 
speed  in  most  cases.  The  effect  of  displacement  and  heading  on  pitch  rate 
is  small  and  inconsistent. 


RANDOM  WAVE  RESPONSES 


Sample  Computer  Printouts 

An  example  of  the  output  from  on-carriage  reduction  and  presentation 
of  data  from  individual  random  wave  runs  is  given  in  Figure  13.  In  those 
cases  of  a forward  speed  condition  where  several  passes  were  needed  to  get 
an  adequate  data  sample,  the  runs  were  grouped  together  and  then  re-analyzed 
with  the  grouping  treated  as  one  long  sample. 

A sample  of  the  output  obtained  on  the  CDC  6700  computer  after  the 
experiments  were  finished  is  presented  in  Figure  14.  The  coherency  function 
listed  under  "Cross-Spectra"  on  sheets  b to  d of  Figure  14  is  defined  by 


,S  (u  ), 

Coherency  = ~r 

vvVv 


where:  sxy(we)  = magnitude  of  the  cross-spectral  density  function  at 

frequency  u> 

S (u>  ) 4 S (w  ) = magnitudes  of  the  two  auto-spectra  being  considered, 

x s y e 

For  the  ideal  case  of  a constant  parameter,  linear  system  with  a single, 
clearly  defined  input  and  output,  the  coherency  will  be  unity.  For  example, 
the  coherency  function  for  pitch  and  pitch  rate  is  very  close  to  1.0  over 
the  entire  frequency  range  (see  Figure  14  - Sheet  s). 

The  5 percent  amplitude  ranges  given  on  sheets  g through  j of  Figure  14 
indicate  the  bandwidth  for  which  the  individual  spectral  ordinates  do  not 
get  smaller  than  5 percent  of  the  peak  spectral  ordinate.  Where  two  distinct 
peaks  occur  in  the  spectrum  with  a sharp  drop  in  between,  two  5 percent 
amplitude  ranges  are  given.  The  nondimensional  transfer  functions  are 
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defined  in  the  same  way  as  for  the  Interdata  computer  printouts. 


The  time  domain  analysis  results  begin  on  sheet  k of  Figure  14. 

Tabulations  of  the  histograms  are  shown  on  sheets  1 through  o where  the 
heading  "Data  Points"  refers  to  Individual  points  on  the  time-history, 
separated  in  time  by  1/sample  rate. 

The  computer  plots  begin  on  sheet  p of  Figure  14  with  auto-spectra , 
response  amplitude  operators  (RAO's),  and  nondimensional  transfer  functions. 
The  RAO's  are  obtained  by  dividing  response  spectral  ordinates  by  wave 
spectral  ordinates.  Statistical  values  obtained  from  the  spectral  analysis 
are  shown  on  the  left-hand  side  of  these  figures.  The  statistic  labeled 
as  "APP"  (apparent)  is  the  average  of  the  highest  one-tenth  double  amplitudes. 
Statistical  values  are  also  given  on  the  histograms  which  start  on  sheet  u; 
these  are  derived  from  direct  time  domain  analysis  of  the  signals. 

Standard  Deviation  of  Motions,  Accelerations  and  Rates 

The  standard  deviation  (root-mean-square  about  the  mean)  of  seaplane 
model  response  from  Phase  I random  wave  runs  is  presented  in  Figures  15  and 
16  as  a function  of  speed.  They  are  also  provided  in  Table  4 so  that  exact 
values  can  be  extracted  if  this  is  desired.  Results  for  Sea  States  2 and 
3 and  headings  of  head,  following  and  beam  seas  are  contained  in  these 
figures  and  tables.  Figure  15  and  Tables  4a  and  4b  show  that  motions  such 
as  pitch  and  heave  do  not  vary  much  with  speed  over  the  range  investigated. 
However,  pitch  rate  and  the  accelerations  do  increase  with  speed  in  head 
seas--to  a large  degree  because  of  the  increase  in  frequency  of  wave 
encounter.  The  effect  of  displacement  on  model  responses  is  usually  small. 

I i 


The  maximum  standard  deviation,  a,  of  cabin  acceleration  in  a head 
Sea  State  2 at  1.79  kts  is  roughly  0.18  G's;  In  head  Sea  State  3 this 
increases  to  0.24  G's  at  the  same  speed.  These  are  fairly  severe 
acceleration  levels.  At  zero  speed,  conditions  Improve  quite  a bit  with 
a values  for  cabin  acceleration  dropping  to  0.08  G's  in  Sea  State  2 and 
3.1  G's  in  Sea  State  3.  Figure  16  indicates  that  accelerations  are 
slightly  less  in  following  seas  when  hove-to,  and  decrease  further  to 
about  0.03  G's  when  underway  at  1.79  kts. 

Table  4c  contains  a values  for  roll  and  roll  rate  in  beam  seas  at  zero 
speed.  Ouring  the  experiments,  the  wave  height  was  usually  set  lower  for 
runs  in  beam  seas  because  the  model  tended  to  get  swamped  at  this  heading 
to  the  waves.  In  spite  of  the  lower  wave  height,  accelerations  are  more 
severe  in  beam  seas  than  they  are  in  a head  Sea  State  2 when  the  model  is 
hove-to . 

Figure  16  shows  that  heave  remains  essentially  constant  with  speed 
increase  in  following  seas,  pitch  decreases  slightly,  and  pitch  rate  and 
accelerations  decrease  significantly.  The  effect  of  displacement  on 
responses  is  again  small. 

Figures  17  and  18  give  standard  deviation  values  of  model  response  as 
a function  of  heading  from  Phase  II  random  wave  runs.  The  exact  values 
can  be  obtained  from  Tables  5 through  11.  The  reader  should  note  that 
130  deg  represents  head  seas  and  0 deg  following  seas.  The  wave  height 
was  lowered  for  headings  of  90  deg  (beam  seas)  in  the  lower  sea  states 
(Figure  17)  and  60  to  120  deg  in  the  higher  sea  states  (Figure  18)  because 
of  the  model's  inability  to  survive  more  severe  waves  at  these  headings. 


Nevertheless,  the  wave  heights  shown  for  those  cases  do  fall  In  the  mild 
region  of  the  designated  sea  states.  In  head  Sea  States  1 and  2,  the 
waves  were  also  low  because  of  an  Improper  setting  of  the  wavemaker. 

The  effectiveness  of  the  damping  plates  In  reducing  motions  Is  small 
In  random  waves  just  as  It  was  In  regular  waves.  One  possible  exception 
occurs  for  roll  and  roll  rate  In  a Sea  State  3 coming  from  abeam  (see 
Figure  18).  Pitch  and  pitch  rate  are  always  lower  at  headings  of  60  and 
120  deg  in  Sea  States  2 and  3 than  they  are  at  other  headings.  They 
also  seem  to  be  low  in  a head  Sea  State  2,  but  this  is  because  the  wave 
height  is  lower  than  for  the  other  headings.  Heave  appears  to  be  rather 
insensitive  to  heading;  the  variation  shown  is  primarily  due  to  changes 
in  wave  height.  Roll  is  as  severe  in  bow  and  quartering  seas  as  in  beam 
seas--oarticularl y in  the  range  of  60  to  120  deg  headings. 

Significant  Double  Amplitudes  of  Motions,  Accelerations  and  Rates 

Significant  (average  of  the  highest  one-third)  values  of  peak-to-peak 
model  responses  from  Phase  I are  plotted  in  Figures  19  and  20.  A listing 
of  values  also  taken  from  the  computer  printout  is  given  in  Table  12.  These 
were  obtained  from  PSHAFT  time-domain  analysis  of  the  signals;  that  is,  the 
peak-to-peak  fluctuations  were  determined  and  stored  in  the  computer,  and 
the  one-third  largest  were  then  averaged.  Significant  double  amplitudes 
were  also  listed  on  the  Interdata  printouts  from  Phase  II.  The  latter 
are  approximate,  since  they  were  obtained  by  multiplying  the  standard 
deviation  by  4.0,  a constant  obtained  by  making  the  assumption  that  double 
amplitudes  follow  a Rayleigh  distribution. 


22 


The  purpose  of  providing  significant  values  Is  to  give  the  reader 
an  indication  of  the  larger  responses  that  occur  when  this  vehicle 
operates  in  a seaway.  These  are  the  motions,  accelerations,  etc.  that 
personnel  on  board  will  be  likely  to  feel,  and  which  could  prevent  them 
from  carrying  out  assigned  tasks.  The  experimental  conditions  covered 
in  the  figures  and  tables  of  significant  values  are  identical  to  those  in 
the  earlier  presentations  of  standard  deviation.*  Since,  as  noted, 
significant  and  standard  deviation  responses  differ  by  essentially  a constant 
multiplier  (namely,  4.0)  the  trends  as  speed,  heading,  etc.  are  varied 
are  the  same  for  both  statistical  indicators  of  motion  severity. 

The  maximum  significant  value  of  cabin  acceleration  in  a head  Sea 
State  2 at  1.79  kts  is  0.70  G ' s ; in  head  Sea  State  3 this  increases  to  0.90 
G's  at  the  same  speed.  These  accelerations  are  associated  mainly  with 
pitch  and  heave  motions  since  virtually  no  impacting  occurred  in  the  cabin 
region  during  these  experiments.  Significant  cabin  acceleration  levels 
are  much  lower  when  the  sea  plane  is  hove-to  and  facing  into  the  waves: 
in  Sea  State  2 they  drop  to  0.21  G's  and  in  Sea  State  3 the  minimum  value 
is  0.31  G's.  Remaining  on  station  in  beam  seas  is  not  as  satisfactory 
since  the  lowest  cabin  accelerations  are  then  0.37  G's,  even  with  a reduced 
wave  height.  The  best  mode  of  operation  as  far  as  habitability  is  concerned, 
is  traveling  with  the  waves  (following  seas)  at  low  speed  (see  Figure  20). 

Figures  21  and  22  and  Tables  13  through  19  contain  significant  model 
responses  from  Phase  II  as  a function  of  heading.  Here,  maximum  sea  states 


♦This  is  also  true  for  Phase  II  results. 
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are  more  severe  than  for  Phase  I (Sea  State  4 compared  to  Sea  State  3) 
and  the  maximum  value  of  significant  cabin  acceleration  for  zero  speed 
is  much  higher,  reaching  0.6  G's. 


The  figures  indicate  that  pitch  angles  In  head  seas  will  tend  to  be 
larger  than  roll  angles  in  beam  seas  for  waves  of  equal  severity.  For 
example,  in  Figure  21  we  see  that  the  wave  height  employed  for  head  sea 
experiments  in  a nominal  Sea  State  2 is  lower  than  that  used  for  beam  seas. 

In  spite  of  this,  significant  pitch  reaches  about  7.0  deg  in  head  seas 
whereas  significant  roll  reaches  only  5.0  deg.  To  further  support  this 
contention.  Figure  22  shows  that  a 33  percent  reduction  in  wave  height  from 
head  to  beam  seas  results  in  beam  sea  roll  being  more  than  50  percent 

smaller  than  head  sea  pitch.  A key  factor  here  could  be  the  shortness  of 

the  hull  beam  in  relation  to  the  predominant  wave  length,  which  keeps  roll 
excitation  moments  small  relative  to  pitch  moments. 

RESPONSES  IN  COMBINED  SEA  AND  SWELL 

When  experiments  were  conducted  in  combined  sea  and  swell,  the  random 
waves  approached  the  model  from  ahead  and  the  single  frequency  swell 
approached  from  abeam.  Two  wave  lengths  were  employed  to  simulate  swell: 
based  on  the  roll  transfer  function,  waves  30.0  ft  (9.1  m)  long  were  used 

to  produce  maximum  roll  response  and  waves  12.6  ft  (3.8  m)  long  were  used  to 

produce  intermediate  roll  motion.  Wave  height  for  the  swell  was  always 
about  4 in.  (10.2  cm).  The  simultaneously  generated  random  waves  represented 
Sea  States  2,  3 and  4. 

t 

i 

i 


*4  - ;*r 


24 


Table  20  contains  significant  values  of  motions,  rates  and  accelerations 
for  the  seaplane  model  in  confused  seas.  The  wave  heights  shown  were  measured 
at  a single  point,  and  represent  the  total  contribution  of  the  sea  and  swell. 


The  seaplane  responses  are  not  much  different  from  those  occurring  in  uni- 
directional head  seas,  however,  it  should  be  noted  that  in  the  confused  seaway 
pitch  and  roll  motions  will  be  going  on  concurrently.  This  should  reduce  crew 
comfort.  Here  again,  the  damping  plates  do  not  have  a substantial  effect  on 
motions. 

DRAG  IN  WAVES 

Drag  for  the  seaplane  model  when  hove-to  and  underway  at  low  SDeeds  is 
shown  in  Figure  23.  When  the  vehicle  is  moving  forward  at  a speed  greater  than 
about  0.5  kts  drag  is  greater  in  head  seas  than  in  following  seas.  Having 
the  seaplane  travel  at  low  speed  could  be  useful  in  following  seas  since  this 
will  help  reduce  motions. 
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CONCLUSIONS 


A preliminary  design  of  a seaplane  which  would  be  stationed 
hullborne  for  long  periods  of  time  In  a "sea  loiter"  role  has  undergone 
seakeeping  experiments.  The  objective  of  the  experiments  was  to  develop 
a data  base  for  determining  habitability  characteristics  and  validating 
simulations.  To  accomplish  this,  motions,  rates  and  accelerations 
were  measured  at  various  headings  to  regular  and  random  waves  for 
the  hove-to  and  low  soeed  conditions. 

The  following  conclusions  can  be  drawn  from  the  results  of  this 
program: 

1.  The  transfer  functions  for  this  vehicle  are  unusual,  with 
rapid  changes  in  response  as  a function  of  frequency  often  resulting 
in  pronounced  minima  between  peaks.  This  is  possibly  due  to  the  wing 
tip  floats  and  wings  being  immersed  for  some  wave  lengths  and  not 
for  others. 

2.  The  pitch,  heave  and  roll  transfer  functions  do  not  peak 
at  frequencies  close  to  the  "natural  frequencies"  obtained  from  free 
oscillation  tests.  In  fact,  responses  at  the  supposed  resonance 
frequencies  are  usually  small.  This  may  also  be  at  least  partially 
attributed  to  the  wings  contacting  the  water  during  runs  made  in  waves, 
but  not  during  the  low  amplitude  oscillation  tests  in  calm  water. 

3.  Because  multiple  peaks  are  common  in  the  transfer  functions, 
a close  spacing  of  data  points  along  the  frequency  scale  is  needed  to 
define  them  accurately. 
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4.  The  effect  of  craft  weight  on  responses  is  small  within  the 
range  investigated. 

5.  Damping  plates  attached  below  the  wing  tips  usually  did  not 
affect  the  seaplane's  motions  significantly. 

6.  For  a given  wave  height  the  craft  is  more  apt  to  get  swamped 

in  beam  seas  than  at  other  headings.  In  addition,  when  hove-to,  accelerations 
are  more  severe  in  beam  seas  than  in  head  seas. 

7.  Heave  does  not  vary  much  as  heading  ranges  through  values 
between  head  and  following  seas.  Pitch  and  pitch  rate  remain  relatively 
small  in  the  heading  range  from  roughly  60  deg  to  120  deg.  Poll  can  be  as 
severe  in  bow  and  quartering  seas  as  in  beam  seas. 

8.  The  maximum  standard  deviation  a of  cabin  acceleration  in  head 
Sea  State  2 is  0.13  G's  at  1.3  kts.  In  head  Sea  State  3 this  increases  to 
0.24  G's.  These  levels  are  fairly  severe.  The  best  way  to  loiter  is  underway 
at  low  speed  in  following  seas  where  the  a value  of  the  cabin  acceleration 
can  be  reduced  to  only  0.04  G's  in  Sea  State  3. 

9.  The  significant  (average  of  the  highest  one-third)  double 
amplitude  of  cabin  acceleration  when  underway  in  head  Sea  State  2 reaches 
0.73  G's;  in  Sea  State  3 this  increase  to  0.90  G's.  When  hove-to,  these 
decrease  to  0.21  G's  in  Sea  State  2 and  0.31  G's  in  Sea  State  3.  In  Sea 
State  4,  the  hove-to  value  increase  to  0.6  G's. 
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APPENDIX 


WAVE  SURFACE  FOLLOWING  CHARACTERISTICS  OF  BUOY  MODEL 

As  discussed  in  Reference  2,  an  alternative  to  the  use  of  either 
optimized  conventional  hulls  or  auxiliary  motion  alleviation  devices 
to  permit  sea  loitering,  is  the  surface  following  configuration.  This 
concept  involves  strong  coupling  between  hull  motions  and  wave  motions. 
The  buoy  shown  in  Figure  A1  was  designed  in  an  attempt  at  achieving 
surface  following  characteristics.  Styrofoam  and  fiberglass  were  the 
principal  materials  used  in  its  fabrication.  Table  A1  lists  its 
principal  particulars.  Two  ballast  conditions  were  investigated:  one 

for  which  all  movable  ballast  was  attached  to  a platform  at  the  center 
of  the  buoy,  and  a second  for  which  the  ballast  was  placed  in  holes 
located  at  the  periphery  of  the  buoy. 

THe  buoy  was  instrumented  with  rate  gyros  and  accelerometers  and 
attached  to  the  same  towing  gear  used  for  the  seaplane  model  during 
Phase  I.  Pitch  and  heave  were  measured  with  potentiometers  mounted  on 
the  gimbal  and  heave  staff. 

Figure  A2  presents  transfer  functions  obtained  from  experiments  in 
regular  waves.  In  Figure  A2a  it  can  be  seen  that  pitch  response  is  small 
at  frequencies  above  about  3.5  rad/sec.  For  lower  frequencies  (closer 
to  the  natural  pitch  frequency)  the  motion  increases  quickly  and  large 
magnification  factors  approaching  2.4  are  reached.  It  should  be  noted 
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that  If  the  scale  ratio  of  this  buoy  were  7.5*,  the  prototype's  natural  pitch 
period  would  be  6.6  sec.  Waves  having  periods  close  to  this  are  prevalent 
In  Sea  State  3,  and  the  buoy  would  probably  pitch  severely  In  this  sea  state. 

Magnification  for  heave  at  low  frequencies  Is  much  lower  than  that  for  pitch 
(see  Figure  A2b).  Even  at  the  natural  heave  frequency  of  5.7  rad/sec  heave 
per  unit  wave  amplitude  Is  only  about  0.3;  this  Is  Indicative  of  heavy  damping 
in  heave.  At  lower  frequencies  (longer  waves)  the  heave  transfer  function 
increases,  and  approaches  1.0.  It  Is  here  that  surface  following  Is  taking 
place  in  the  heave  mode. 

The  heave  acceleration  and  pitch  rate  transfer  functions  given  in  Figures 
A2c  and  A2d,  respecti vely+both  have  two  major  peaks:  one  occurs  at  low  frequencies 
where  heave  and  pitch  displacements  are  relatively  large;  the  other  occurs  at 
high  frequency  since  accelerations  and  rates  result  from  the  multiplication 
of  displacement  and  a power  of  frequency. 

The  location  of  the  ballast--whether  it  be  at  the  center  or  at  the  outside-- 
had  only  a small  effect  on  the  heave  and  pitch  displacements;  however,  the  high 
and  low  frequency  peaks  of  the  heave  acceleration  response  curves,  and  the 
high  frequency  pitch  rate  response  appear  to  be  significantly  affected  by 
ballast  condition.  This  is  true  even  though  the  natural  periods  were  not 
measurably  altered  by  movement  of  the  ballast  (see  Table  A1 ) . The  reason  for 
this  is  not  clear  at  the  present  time. 

A summary  of  buoy  responses  in  random  waves  respresenting  Sea  States  2,  3, 
and  4 is  presented  in  Table  A2.  Here  again,  the  effect  of  ballast  location  on 
motions  is  small.  Heave  acceleration  levels  of  approximately  0.05  3 ‘ s in  Sea 
State  4 are  low  enough  to  be  tolerated  for  a long  period  of  time. 


♦This  is  the  value  used  for  scaling  sea  states. 

+ The  value  of  L used  in  the  ordinate  is  96.0  in. 
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Figure  2 - Setup  for  Phase  1 Towing  Tank  Fxperiments 


Figure  3 - Setup  for  Phase  2 Towing  Tank  Experiments 


CARRIAGE 


Figure  4 - Flow  Chart  for  Computer  Analysis 
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Figure  5a  - Sea  State  2 


Figure  6 - Sample  Computer  Printout  from  Real-Time 
Analysis  of  Regular  Wave  Run 


Figure  6a  - Minimum  Analysis 
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Waves  During  Phase 


heavy  displacement 


FREQUENCY  OF  WAVE  ENCOUNTER,  u , RAO/SEC 


gure  8 - Transfer  Functions  for  Seaplane  Model  Obtained  in  Beam  Regular  Waves  During  Phase 
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igure  de  - Roll  Rate  Transrer  Function 


Figure  9 - Transfer  Functions  for  Seaplane  Model 

Obtained  in  Head  Regular  Waves  During  Phase 


FREQUENCY  Of  WAVE  ENCOUNTER,  RAD/SEC  FREQUENCY  OF  WAVE  ENCOUNTER,  ui  . RAO/SEC 
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Figure  9e  - Pitch  Rate  Transfer  Function 


Figure  11  - Transfer  Functions  for  Seaplane  Model 

Obtained  in  Bow  Regular  Waves  During  Phase 


Pitch  Transfer  Function  Figure  11b  - Heave  Transfer  Function 
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Figure  12  - Continued 


Heave  for  Heavy  Displacement  Figure  1 2d  - Heave  for  Light  Displacement 


ccel 

sp!a 


’I 


, 


V 

s 

•r-4 

E- 

I 

f- ^ 

<TJ 

0) 

Ct 

B 

O 

u c 

u->  3 

cc 

u 

3 V 
O > 
*->  03 

C 3 

»-  B 
&.  o 

*3 
»-  C 
<1)  03 

u dc; 

3 

CL  U_i 

B o 

0 

cj  <n 

•H 
<U  (A 
•— < >< 

a »h 
B ca 
03  C 

C/3  < 

1 


a> 

u 

3 

dc 

•H 


® 


I I 

® 

S 

® — 


\ 


O ® ® — ~ — CO  — ~ »n 
CO©®CD®®CO®CD® 
•3  I lil 

O UJUJUJ'JJ'-lJUJUJUJUJUJ 
J—  m CD  i - (Ni  r*~  — r'j  fsj  I/- 

O *7  ® UD  Ti  C • 'X  HD  CO  'JD 

o © co  pj  r^.  ® o.  co  m o-  ti 


v co  in  in  rj  oj  '•o  — pj  cn 


>- 

o 

z> 

CD 


®®® — O M 

©©©©OOO©©© 
> I III 

LU  UJ  UJ  l -J  UJ  UJ  UJ  Uj  I.U  UJ  UJ 

o to  ro  m a*  m ~ '/•  r c«j 

o cd  cn  — ro  • - in  — d ^ 

h-  oo«£>fs-  © *r  a' m — cn  © 

in  

r\jojr*"'\r---*r\j  — — r-. 


3 

1 

1 


CL 
tu 
► - 


CD  if) 
I—  l— 
OO 
Z Z 
U£ 


i_j  uj  O 

L-1  ► - 

•X  Q 
H t-  CO 

cP  CD  ~ 


OO 
UJ  Ul 
LU  UJ 


oj  oj  rj  oj  o — — ro  o 

QOQCiODODOQ 
till  I I i i 
Z UJ  UJ  LU  UJ  UJ  LJ  UJ  .il  I U UJ 

I oj  ojr^  r.  rj  r . in  *t  oj 

U © fu  CO  tO  - * C""T,  f. . f.-(  rr> 

!_  T a)  co  m tr.  c.  j7i/)k 

ro  ® oj  onj  — — — k.  ■ j — 


00©0*?©©0':© 

®®©©C  cor'  j o 

Z UJ  U I UJ  I J I UJ  UJ  UJ  I Li  ' . 1 J 

— © o <_•  o c © c:>  *.  o 

■i  OOCJO  C.  S'*,  'jO 

U OfJOdCO  j0  3 


ojrjinuDPjiniP'7’7- 


o 

UJ 

cn 

CD 

ro 

o. 


o 


a: 

UJ 

CO 


cO 


£ 


® ® — '--COO 

® © ® ® ® C O O O © 

CD 

•— 1 uiui  uj  uj  uj  u;  'vi  uj  lii  uj 

_j  co  «3  © © o c.  ■ :>  z '.o  © 

I © © © ■*_, 'j  ,3  .-1 

i_i  1*3  © © ® O © o © 


^ TJ  — — -J  I •if*  ■■‘IT  — 


c3«5cn*/>’0  co 

Z .ruJUJiDQ  U-  k- 

— — QO  Jw-OL'I  u 


z 

•I 

I 

o 


J-  o u>  o 

►-  lit-UUH 

I a.  x l >n 


5 jS5* 

KH  J X 1'ICuA 
L UJ  — Oil  * III 

StauCu.  ii  ,:uu 


-«  fxl  ro  *4  u v 1 I - CO  T . 3 


o 

o 

a 

UJ 

CL 


UJ 

o 

<r 

OS 

CJ  1 0 CJ 

<r  uj  uj  uj 

cn  cn  cn  ^ ^ 

o-  imIo  -\j  o 

cu  00  - ‘ -f  f I0M 

in  cs.  tn_  ... 

. • • r,)fO- 

Oj  — © 


■ it  • 


Ck.  I U 
lu  i *J  Ui 
CL  ViV 


fL  {1,0, 

• r r ".x 

j j _j 
.003-0 

0 v‘* « i 


Figure  14  - Sample  of  Complete  Random  Wave 
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Standard  Deviation  Values  of  Model  Response  as  a Function  of  Speed 


AD-A040  062  DAVID  V TAYLOR  NAVAL  SHIP  RESEARCH  AND  DEVELOPMENT  CE—ETC  P/6  1/3 

SEAKEEPINO  CHARACTERISTICS  OP  A PRELIMINARY  DESION  POR  A SEA  LO— ETC(U> 
PEB  77  A 0ERSTEN*  J BONILLA-NORAT,  L MURRAY 
UNCLASSIPIED  SPD-746-02  NL 

2 °f2 


AO 

AOAO  062 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  Of  STANDARDS  1963-,* 


S3I0NI  X 


lOnillHVW  3AVA  30  NOt  IV I A 30  0HMNV1S 


javih  jo  uouvmo  owikvis 


86 


HEADING  IN  DEGREES 


HEAVE  ACCELERATION 


DATING  DAMPING 


89 


Standard  Deviation  Values  of  Model  Response  at  Zero  Speed 
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Fiqure  19  - Significant  Doub'le  Amplitudes  of  Model  Response  as  a Function  of  Speed 
in  Head  Sea  States  2 and  3 from  Phase  1 


Figure  20  - Significant  Double  Amplitudes  of  Model  Response  as  a Function  of  Speed 
in  Following  Sea  States  2 and  3 from  Phase  1 


S33M030  NI  HDUd  1NV01J1NS1S  QN033S  H3d  S33d330  N1  3iW  HDUd  iWWHINSIS 


Significant  Double  Amplitudes  of  Model  Response  at 
as  a Function  of  Heading  in  Sea  States  1 and  2 from 


HEAVE  ACCElEUTlia 


L 


• WW»  •V.WiV  - At  .%}%,  ; 


96 


Phase 


UO  I 


J 

*4 

l 


CO 

CO 

CO 

o 

CS 

o 

QC  CM  CM 

z 

Z 

z 

Ul 

X 

X 

o 

o 

o 

CJ 

CO 

h 

1 

1 

CJ 

CJ 

CJ 

— 

cj 

Ul 

CJ 

CJ 

Ul 

UJ 

Ul 

on 

X 

* 

* 

CO 

CO 

CO 

t- 

h 

z 

UJ 

ococo 

co  co  ao 

UJ 

X 

OD 

co  \£>  vO 

cn  o 

CM 

X. 

• 

• 

• 

• 

• 

• 

• 

Ul 

<T\  O 

o 

o 

o 

*— 

w— 

cj 

-3- 

-3" 

< 

_J 

Q- 

CO 

CM  CM 

— 

t- 

h- 

co 

CO 

CO 

o 

CO 

u 

U 

o 

o 

o 

o 

1 

1 

z 

z 

z 

K- 

X 

z 

h-  CJ 

CJ 

o 

O 

o 

X 

CO 

ID 

Ul 

3 

3 

C_) 

CJ 

CJ 

<J 

— 

o 

UJ 

— 1 

— 1 

Ul 

UJ 

Ul 

— 

—1 

CL 

u 

CO 

CO 

CO 

CO 

CO 

-J 

cj 

z 

cn 

co  cn  ao 

UJ 

o 

cn  o 

o 

cn  o 

CM 

-3- 

o 

O 

o 

o 

... 

vO 

co 

ro 

CM 

CO 

CO 

CO 

o 

o 

o 

OCCM 

CM 

z 

z 

z 

Ul 

X 

X 

o 

o 

o 

CJ 

CO 

h“ 

I 

1 

CJ 

CJ 

CJ 

— 

CJ 

Ul 

CJ 

CJ 

Ul 

UJ 

Ul 

or 

X 

CO 

CO 

CO 

»- 

Z 

Ul 

occoo 

LA 

fo  O 

UJ 

X 

co  vD 

vO 

cn  o 

cn 

X 

• 

• 

• 

• 

• 

• 

UJ 

CJ> 

O 

O 

o 

o 

•— 

o 

cj 

-3- 

-3- 

-3- 

< 

*— 

_ J 

CL 

CO 

CM  CM 

— 

>- 

CO 

CO 

CO 

Q 

CO 

U 

U 

o 

Q 

o 

o 

1 

1 

z 

z 

z 

>- 

X 

z 

►— 

CJ 

CJ 

o 

o 

o 

> 

CO 

3 

UJ 

3 

3 

CJ 

CJ 

CJ 

< 

— 

o 

UJ 

—1 

-J 

UJ 

Ul 

Ul 

UJ 

CL 

u 

CO 

CO 

CO 

CO 

CO 

X 

cj 

z 

cn 

LA 

co 

O 

Ul 

o 

cn  o 

o 

cn  o 

cn 

o 

o 

o 

o 

o 

_ 

o 

co 

CO 

co 

CO 

UJ 

z 

— 1 

Ul 

CO 

< 

cc 

Ul 

> 

o 

CD 

• 

< 

CJ 

< 

CJ 

— 

< 

Ul 

— 

to 

u 

on 

y— 

o 

o 

< 

: 

o 

Ul 

cn 

o 

o 

o 

X 

z 

Ul 

— 

— 

o 

Q_ 

z 

— 

z 

cn 

cn 

— 

o 

— 

Ul 

Ul 

cn 

— 

u 

CL 

a. 

UJ 

t— 

o 

Li- 

Q- 

< 

O 

—1 

_j 

CJ 

»- 

< 

< 

-J 

o 

z 

cn 

cn 

< 

—1 

Ul 

z 

3 

3 

cn 

X 

Ul 

h- 

3 

O 

X 

< 

h- 

< 

X 

o 

Z 

z 

< 

H 

CJ 

X 

Z 

X 

— 

X 

X 

UJ 

<J 

C_) 

_J 

CJ 

> 

—1 

— 

QC 

t- 

-J 

H- 

< 

-J 

Ul 

Ul 

o 

— 

Ul 

o 

3 

> 

CL 

QC 

CL 

X 

cc 

101 


I ne 


TYPE  AND  RANGE  OF  TRANSDUCERS  USED 
FOR  SEAPLANE  EXPERIMENTS 
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TABLE  3 


INSTRUMENTATION  AND  COMPUTER  NOTES 


1.  On  PSHAFT  computer  printout  the  units  for  angular  rates  are  given  as 
radians  per  second  but  they  are  actually  degrees  per  second. 

2.  For  Runs  13  - 15  the  pitch  rate  gyro  overscaled. 

3.  Heave  gage  not  working  properly  during  Run  38. 

There  is  a 1.5  G offset  for  cabin  acceleration  during  Run  559. 


5.  Cabin  acceleration  transducer  changed  from  t 5 G range  to  ± 2 G range 
prior  to  Run  560.  Calibration  not  changed. 

6.  For  Run  591*  the  wave  height  transducer  was  malfunctioning  resulting  in 
drop-out  on  all  positive  peaks. 
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Y OF  STANDARD  DEVIATION  VALUES 
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SUMMARY  OF  SIGNIFICANT  DOUBLE  AMPLITUDES 


HEAVE  ACCELERATION  G’S  0.368 
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SUMMARY  OF  SIGNIFICANT  DOUBLE  AMPLITUDES  OF 


■ 


r » 


i 


tO 

< 

UJ 

to 

Q 

UJ 

to 

3 

U_ 

2 

O 

<-J 


O 

UJ 

Ul 

CL 

to 

o 

oc 

UJ 


UJ 

to 

2 

O 

CL 

CO 

UJ 

cl 


Ul 

Q 

O 

x 


O 

z 

X 

< 

X 

oo 

< 

o 

• 

UJ 

< 

CO 

Ul 

' ■ 

< 

X 

< 

h- 

X 

u 

u 

o 

o 

X 

OC 

CM 

O v£> 

U 

oc 

• 

Ul 

u 

CM 

X 

— i 

r— 

Y- 

GO 

c*o 

C3 

< 

X 

z 

h- 

Ul 

»- 

UJ 

h- 

— 

_l 

< 

:* 

Y- 

Ul 

to 

> 

< 

< 

Ul 

:* 

UJ 

to 

to 

Q 

2 

X 

< 

X 

< 

Q 

• 

Ul 

< 

a-\ 

GO 

UJ 

> — ■ 

< 

X 

< 

K 

X 

-O 

u 

o 

o 

X 

CL 

CM 

o 

o 

U. 

CL 

• 

Ul 

Li- 

o 

X 

r*o 

H— 

CO 

CNi 

C5 

< 

X 

2 

1- 

Ul 

Y- 

Ul 

h~ 

— 

_J 

< 

Y— 

Ul 

to 

—1 

> 

_J 

< 

< 

Ul 

35 

Ul 

:* 

to 

to 

Q 

„ — .. 

2 

X 

< 

X 

oo 

< 

O 

• 

UJ 

< 

ro 

CO 

Ul 

• — ■ 

< 

X 

< 

»- 

X 

<T> 

u 

o 

o 

X 

CL 

CM 

o 

sO 

Li- 

CL 

UJ 

Li- 

CM 

X 

_J 

*— 

Y— 

GO 

CM 

LD 

< 

X 

2 

UJ 

»- 

UJ 

— 

— 1 

< 

\- 

Ul 

to 

—I 

> 

—1 

< 

< 

Ul 

33 

Ul 

3* 

to 

to 

122 


PRINCIPAL  CHARACTERISTICS  OF  BUOY  MODEL 
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TABLE  A 2 

SUMMARY  OF  STANDARD  DEVIATION  VALUES 
FOR  BUOY  IN  VARIOUS  SEA  STATES 


BALLAST  AT  CENTER 

BALLAST  AT  OUTSIDE 

MEASUREMENT 

UNITS 

SEA  STATE* 

SEA  STATE* 

2 

3 

4 

2 

3 

4 

WAVE  HEIGHT 

INCHES 

(CM) 

1.23 

(3.15) 

1.69 

(4.28) 

2.92 

(7.42) 

1.60 

(4.07) 

2.07 

(5.25) 

2.98 

(7.57) 

HEAVE 

INCHES 

(CM) 

0.83 

(2.11) 

1.31 

(3.32) 

2.46 

(6.24) 

1.04 

(2.63) 

1.50 

(3.81) 

2.44 

(6.21) 

PITCH 

DEGREES 

1.81 

2.49 

4.12 

2.11 

2.71 

3.  97 

PITCH  RATE 

DEGREES 
PER  SEC 

A. 50 

6.32 

9.43 

5.61 

7.02 

9.69 

HEAVE  ACCELERATION 

G’S 

0.02A 

0.031 

0.054 

0.029 

0.037 

0.050 

* Scale  Ratio  = 7.5 


125 


► 


•a*' 


i 


DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 


(1)  DTNSRDC  REPORTS,  A FORMAL  SERIES  PUBLISHING  INFORMATION  OF 
PERMANENT  TECHNICAL  VALUE,  DESIGNATED  BY  A SERIAL  REPORT  NUMBER 

(2)  DEPARTMENTAL  REPORTS,  A SEMIFORMAL  SERIES,  RECORDING  INFORMA 
TION  OF  A PRELIMINARY  OR  TEMPORARY  NATURE,  OR  OF  LIMITED  INTEREST  OR 
SIGNIFICANCE,  CARRYING  A DEPARTMENTAL  ALPHANUMERIC  IDENTIFICATION 

13)  TECHNICAL  MEMORANDA,  AN  INFORMAL  SERIES,  USUALLY  INTERNAL 
WORKING  PAPERS  OR  DIRECT  REPORTS  TO  SPONSORS,  NUMBERED  AS  TM  SERIES 
REPORTS,  NOT  FOR  GENERAL  DISTRIBUTION. 


